Simulation protocol. The simulation systems consisted of CorA from Thermotoga maritima (TmCorA) [1] in a hydrated 1,2-dimyristoyl-sn-glycero-3-phosphatidylcholine (DMPC) bilayer.
was then constructed using the MSMS algorithm [19] and a TmCorA-shaped hole was made in the bilayer according to the protocol of Faraldo-Gómez et al. [20] in 3 consecutive simulations of 20 ps each. During this step, a harmonic restraining potential was applied to the positions of lipid phosphorus atoms along the bilayer normal, with a force constant of 1000 kJ/mol/nm 2 . The strength of the hole-making force was, sequentially, 10, 100, and 500 kJ/mol/nm 2 . An equilibrated box of liquid water was overlaid on this system and water molecules were removed to resolve steric clashes. The composite system, composed of TmCorA and associated 12 Mg 2+ ions and crystal water molecules embedded in a solvated DMPC bilayer, was neutralized with 21 Na + ions. Position restraints were placed on all protein and Mg 2+ ions. The system was then subjected to 1000 steps of steepest descent energy minimization and then 800 ps of molecular dynamics (MD) simulation, at which point the position restraints on the modeled protein loop residues 316-325 were released and an additional 1. and 24 additional Na + ions, respectively. Harmonic position-restraints were placed on all C α atoms using a force constant of 1000 kJ/mol/nm 2 and each of these two systems was subjected to 1000 steps of steepest descent energy minimization followed by 500 ps of MD equilibration.
Finally, position restraints were removed and each system was simulated for 3 ns, during which conformations were extracted every 30 ps. Each of these 100 extracted conformations for each system was then used to initiate seven 35-ns simulations, each using different initial velocities and random seeds for the Langevin forces. We thus conducted seven-hundred 35-ns simulations either in the absence or presence of regulatory ions. The total simulation time was 49 μs. The diameter of the pore, d pore , as a function of axial depth was computed with the program HOLE [21] . In this analysis, the presence of very tight constrictions in the MM coupled with transient separation of pore-lining helices (as illustrated in Fig. S1 ) rarely lead the HOLE program to define the pore as exiting into bulk water near the cytosolic end of the MM.
Therefore, for each simulation snapshot, we computed the radial profile with HOLE four times from different initial axial positions along the pore and defined the final radial profile by selecting the diameter value originating closest to the center of the pore's long axis. The average value of d pore in the MM, , was taken over the same range used in the calculation of N wat and z gap , as outlined above.
Umbrella sampling. To evaluate the free energy profile or potential of mean force (PMF) for the permeation of a divalent cation throughout the CorA pore, we used umbrella sampling (US) MD simulations [22, 23] . To this end, we conducted 261 2-ns simulations in which the axial position of the magnesium ion in relation to the COM of the backbone atoms in the MM (M291, L294, A298, and M302), z, was harmonically restrained to a specified value, Specifically, for each umbrella, hexahydrated magnesium was placed in the radial center of the pore at the specified value of 0 i z and water molecules initially in the pore were removed if their van der Waals radii overlapped with magnesium hexahydrate. To ensure that magnesium remained hexahydrated during system setup, harmonic restraining potentials were temporarily used to maintain each of the 6 water molecule oxygen atoms in magnesium's first hydration shell near a distance of 0.2 nm from Mg 2+ using the force constant of the O-H bond in TIP3P water.
Each system was then subjected to 5 rounds of steepest descent energy minimization, each of 500 steps, in which the positions of all protein atoms were first frozen, then harmonically restrained, then with harmonic restraints applied only to the positions of backbone atoms, and were conducted. The harmonic restraints between the permeating magnesium ion and the water molecules in its first hydration shell were then removed. Post-simulation analysis shows that water molecules in the first solvation shell of the lumenal Mg 2+ ion were absolutely maintained throughout 9.4 μs of total simulation after harmonic potentials between Mg 2+ and water were removed. Each umbrella was simulated for 2 ns using an umbrella force constant of 4184 kJ/mol/nm 2 . The first 1 ns was discarded as early equilibration based on an analysis of statistical convergence (Fig. S9) . The axial position of the permeating magnesium ion, z, was stored every 20 fs and the data from each of the 18 sets of US simulations were used, separately, to generate 18 independent PMFs using Alan Grossfield's implementation [24] of the weighted histogram analysis method (WHAM) [25] . Fitting parameters and the mean lifetimes, τ, of these states, obtained by integrating these functions from 0 to +∞, are provided in Table S1 . Also provided in Table S1 are mean half-lives, t 1/2 , computed according to 1/2 ln 2 t   . Although we fit the survival probabilities to a double exponential decay function, the decay of dewetted states were also well represented by a single exponential decay function since a~1 or 0 (Table S1) . In these cases, we computed the first-order rate constant, k, of the wetting transition according to Table S2 .
Bending of the stalk helices was assessed by using the GROMACS g_angle program to compute the bending angle between V248, L280, and I310 (all C α ) in each protomer.
Hydrogen bonds were computed with the GROMACS g_hbond program using a hydrogen -donor -acceptor angular cutoff of 30° and a hydrogen -donor distance cutoff of 0.35 nm.
The diameter of the TmCorA pore displayed in Fig. 1 was computed using the program HOLE [21] . Molecular visualizations were prepared with VMD [26] . Many figures and all linear fits were constructed with gnuplot.
